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Non-technical Summary
This paper investigates the effect of mobility among a firm's R&D personnel on its innovation performance.
Since knowledge created within an R&D department of a firm is largely embodied in the person of the individual researcher, firms might gain access to external knowledge via hiring new staff. Consequently, innovation should be enhanced. However, firms may suffer from a simultaneous outflow of R&D workers.
Our empirical analysis falls back on theories developed by Jovanovic (1979) and Cooper (2001) . According to these theories, labor mobility increases the employer-employee matching quality within the R&D department (Jovanovic, 1979) . Moreover, as long as the R&D knowledge of a leaving worker can be still used by the worker's former employer, overall labor mobility results in net inflows of R&D knowledge and thus should stimulate innovation (Cooper, 2001) .
To disentangle the effects of net gains or losses in R&D personnel and replacements within the R&D department is the major aim of this study. We employ, besides net growth in R&D personnel, churning as a measure for R&D worker mobility. Churning depicts the number of workers which are replaced by new ones, i.e. it is an employment-neutral measure of labor turnover. Furthermore, we distinguish between different types of innovations, namely between process and product innovations as well as between market and product-range novelties.
Using two sets of bivariate probit regressions, we estimate various knowledge production functions. Labor mobility is found to enhance innovation performance up to a certain threshold. Interestingly, this threshold differs between the types of innovation. The optimal amount of churning among R&D works is lower for process innovations than for product innovations. This result is intuitive since process innovation will require much more firm-specific knowledge and less external knowledge. Our regressions further indicate that a positive effect of labor mobility on innovation performance depends crucially on the appropriability regime. If R&D knowledge is characterized by rivalry in its application, i.e. it is non-duplicative, the threshold up to which a positive effect of labor mobility can be observed is considerably lower. 
Das Wichtigste in Kürze

Introduction
Indisputably, knowledge has been identified as the key input for developing innovations. Because of the rapidly increasing speed of technological changes and increasing technological complexity of products and processes, firms have to source outside knowledge in order to complement internal knowledge. A body of literature has thus focussed on firms' strategies of how to gain access to new knowledge and on the effectiveness of these strategies in terms of innovation performance.
Main routes of how firms can tap new external knowledge are cooperations and strategic alliances with other actors (competitors, science, customers, clients), licensing of technology, mergers and acquisitions, contract R&D, and the hiring of new labor (see Teece, 1986 Teece, , 1992 Hagedoorn, 2002; Cassiman and Veugelers, 2006) . 1 Several strands of the literature emphasize a stimulating effect of recruiting new personnel on knowledge creation and innovation (Rao and Drazin, 2002) .
The main argument relies on the fact that knowledge originating from R&D and competencies are largely embodied in people. According to the resource-based view of the firm, hiring new personnel is thus seen as an important mechanism for acquiring skills (Barney, 1991) . In addition, it is an important way of exchanging ideas, learning from competitors, and imitating their innovations (institutional perspective). The network theory furthermore stresses that hiring new personnel facilitates the establishment of new connections and a professional community (Baker, 1994) .
However, it is often neglected in this literature that hiring a new worker may be associated with the departure of previous workers. That is, we can often simultaneously observe hirings and separations of workers within a firm. In labor economics, determinants of simultaneous hiring and firing and its influence on firm performance have been investigated (see Burgess et al., 2000a; Ilmakunnas et al., 2005) . For R&D personnel, one can likewise observe simultaneous inflow 1 and outflow of workers. The mobility of workers among firms presents a way of knowledge diffusion and is thus a major source of potential spillovers. As a consequence, a firm may benefit from incoming spillovers and suffer from knowledge outflows (outgoing spillovers) at the same time. Besides getting access to new knowledge, labor reallocation may also be driven by improving the match between the skills firms demand and employees provide (Jovanovic, 1979) . If firms successfully bring qualification demand into line with supply, this should pay off in a better performance.
In this paper, we address the question of how the reallocation of R&D workers affects future innovation activities of firms. Empirical evidence on the dynamics of worker flows of R&D personnel and its influence on a firm's innovation performance is scarce. Prior studies look a the effect of new R&D workers or net R&D employment gains. We contribute to the literature in three ways: First, we employ churning of R&D personnel as an indicator for R&D worker flows. Churning is a well-established concept in labor economics. The main advantage is that it abstracts from net employment gains or losses and only measures the number of workers replaced by new ones, i.e. it depicts an employment-neutral measure of labor turnover. This feature allows us to separately identify the effect of replacement and net change in the R&D workforce on innovation in the empirical analysis. As a second novel aspect, we investigate whether the effect of labor mobility differs according to the type of innovation. That is, we distinguish between product and process innovation in a first step and then furthermore discriminate between different types of product innovations (market novelties, product-range novelties). We suppose that churning is more beneficial for innovations with a higher degree of novelty for the firm, i.e. if more external knowledge is required.
Finally, we test the hypothesis that the role of churning on innovation depends on whether the knowledge which is transferred through mobility can be used by both the donor and the recipient firm simultaneously afterwards.
The answer to the question of how innovation is influenced by worker mobility is naturally interesting from a management perspective. If churning lowers innovation performance in the future, firms should for instance consider implementing stronger mechanism to protect their knowledge and setting better incentive 2 schemes for R&D workers to stay within the firm. It is likewise interesting from a policy point of view. If churning exerts a positive impact on innovation through better job-match qualities and the diffusion of knowledge, loosening up strong dismissal protection may be a route to foster innovation.
To answer our research question, we estimate two knowledge production functions using bivariate probit models (Pakes and Griliches, 1984) . The empirical analysis is based on a sample of about 1,500 German firms collected within the Community Innovation Surveys (CIS). In contrast to Kaiser et al. (2008) The outline of the paper is as follows. Section 2 sketches the main theoretical arguments of how churning may affect innovation performance at the firm level.
Furthermore, it summarizes the scarce empirical evidence on the effect of labor mobility on innovation. Section 3 presents our empirical analysis: The data set is explored in subsection 3.1, followed by the description of the variables and estimation strategy in subsection 3.2. Subsection 3.3 sets forth the econometric results.
Section 4 summarizes our main findings and discusses management implications.
2 Mobility of R&D personnel and innovative output A firm's R&D knowledge is primarily embodied in persons which implies that firms are not fully able to exercise property rights over their R&D knowledge.
Therefore, R&D workers can potentially profit from their knowledge through job mobility. In this respect, traditional reasoning assumes that high worker flows result in lower appropriability of workers' knowledge, less incentives to innovate, and an under-investment in R&D and training. Kim and Marschke (2005) develop a model in which the risk that a rival firm imitates a firm's new products after a scientist's departure can be mitigated by patenting. They show theoretically and empirically that the risk of a scientist's departure both reduces R&D expenditures and raises the probability of patenting.
However, the presence of large job-flows within highly innovative clusters (Fallick et al., 2006) has encouraged researchers to study the effect of labor mobility on cluster development. These studies have shown the importance of labor mobility for the success of clusters like Silicon Valley and other high-tech clusters (Saxenian, 1994; Almeida and Kogut, 1999; Fallick et al., 2006) . Driven by this "job hopping" phenomenon observed in technology clusters, Cooper (2001) developed a theoretical model of job mobility which serves as a vehicle for intra-industry knowledge diffusion. Unlike traditional reasoning, his model predicts that a higher mobility does not necessarily reduce firms' R&D investments and always coincides with greater overall technological progress of a firm. The reasoning behind that is that knowledge dissemination is facilitated by worker mobility. Cooper's model assumes that a firm retains a benefit of a worker's knowledge and information generated during the employment spell at the respective firm even after the employee has left to a competitor. The model stresses the duplicative nature of R&D knowledge. That means, R&D knowledge is partly non-rivalrous and can by utilized by more than one firm simultaneously.
Therefore, a firm invests in training and R&D even when it has to expect intense movements of employees.
From this reasoning, one can expect that inter-firm mobility of R&D personnel increases the innovative abilities of firms by increasing the stock of appropriable knowledge which can be claimed to be a fundamental innovation input. Since many econometric studies have shown that innovation input significantly determines innovation output (see e.g. Crépon et al., 1998; Love and Roper, 2001) , we expect inter-firm mobility of R&D personnel to result in higher innovative performance.
4
Another line of reasoning why the mobility of R&D personnel is linked to innovative output stems from the fact that both worker and employer are faced with incomplete information in job matching. Before a person is hired the firm has incomplete information on a workers abilities and skills. Additionally, the worker has limited information about the tasks he is expected to perform. However, the tasks a certain job requires should match a workers abilities and skills in order to maximize the worker's productivity. The optimal allocation of workers to jobs is thus a central problem. Assigning the right worker to a specific job is crucial for both the firm, which aims to maximize profits, and the employee, who wants to maximize earnings.
The importance of job match quality is highlighted in theoretical (Jovanovic, 1979) and empirical models (Liu, 1986; Topel and Ward, 1992) of job matching and labor turnover. In these models, a job match is assumed to be an experience good (Jovanovic, 1979) , i.e. the quality of a job match can only be determined by "experiencing" it after the job match has been formed. The firm can only learn about the quality of the job match by observing the worker on the job for a period of time (Topel and Ward, 1992) . After new information is obtained about the worker's productivity on a specific job, a reassignment of employer-employee matches may become optimal. While matches of sufficiently high quality are sustained, a job match is dissolved if the worker's job specific productivity is revealed to be relatively low, i.e. if the job match is of poor quality. Thus, labor turnover is the result of searching for matches of higher quality when better information about the match quality is accumulated over time. Accordingly, labor mobility may improve the match quality between the firm and the employee. As a result, labor productivity is enhanced. This reasoning is in line with the results of Pakes and Nitzan (1983) who develop a model of optimum labor contracts for research personnel. They find that labor mobility does not harm an R&D projects profitability as long as firms can freely choose among alternative labor contracts. In this case, a firm can set up an incentive scheme which induces a scientist only to leave if it is in the firm's interest for the scientist to do so.
A good match is of particular importance when searching for highly-productive R&D workers. The ideas, abilities, and skills of R&D workers have to fit both into the business activities of a firm and into the research team they are assigned to.
The equilibrium result of workers' self-selection out of poor quality matches in the theoretical model of Jovanovic (1979) requires either a sufficient wage flexibility or a limited amount of dismissal protection regulations. However, the labor market in Germany is characterized by strong unions and intense dismissal protection. One can thus expect that it is either not possible or rather costly to dissolve a match of poor quality. Furthermore, firms may be faced with an intense shortage of labor supply of highly qualified and highly specialized researchers.
One possibility of describing and measuring labor mobility within a firm is the concept of churning. Churning, also called excess labor reallocation, arises when a firm simultaneously experiences separations and hires. It measures the amount of workers which are successfully replaced by other workers. 2 This measure was developed and introduced by labor economists who wanted to describe and explain employment dynamics within sectors and within firms (Lane et al., 1996; Burgess et al., 2000a Burgess et al., ,b, 2001 . Churning is an employment-neutral measure of labor turnover, i.e. the measure abstracts from net employment gains or losses and only measures the number of replaced workers. A low amount of churning might characterize firms which are either not able to dissolve job matches of poor quality or which are able to dissolve poor matches but do not succeed in forming new matches. According to this line of reasoning a low amount of churning means to suffer from retaining poor matches. Therefore, a positive effect of churning on innovation output can be supposed.
On the other hand, if the amount of churning is very high, e.g. if a firm replaces almost all its R&D workers, the firm's knowledge stock will be eroded.
What is more, hiring new workers can cause sizeable transaction costs. The firm has to look for new R&D workers and sometimes the firm might not manage to hire new workers reasonably soon. Furthermore, new workers need to be instructed. Instruction and training of new workers raises costs, especially when a large amount of time of the experienced R&D workers is needed to train new R&D personnel properly. Therefore, the effects of churning on innovation are 2 The churning measure is explained in detail in section 3.2 6 expected to be negative if the amount of churning exceeds a certain threshold.
All together, the relationship between churning and innovation is expected to be inverse u-shaped (which was also assumed by Ettlie, 1985) .
The importance of labor mobility for technological performance is highlighted by the results of a couple of empirical studies. These studies can be classified into three groups according to their level of analysis. In addition to the cluster or regional level (see Saxenian, 1994) , researchers examined this question at the level of the firm and the individual worker, respectively.
At the individual level, empirical evidence is mixed. Hoisl (2007) tracks mobile inventors using official data from patent files. She finds mobile inventors to be more productive in terms of patent applications than non-movers. In contrast to the findings of Hoisl (2007) for German inventors, Aoshima (2008) does not find a positive effect on the innovative behavior of semiconductor engineers in Japan.
He even finds a negative effect of the number of inter-organizational and intraorganizational transfers on an engineer's technological performance as measured by the number of patents and the number of published papers. Rao and Drazin (2002) tested several hypothesis concerning the recruitment of new personnel and product innovation using a sample of mutual fund families.
They expected that the recruitment of talents from rivals helps to overcome resource constraints on product innovation, e.g. poor connectedness in case of the mutual funds industry. Analyzing the recruiting and innovation behavior of these funds, they find that the number of stock portfolio manager recruits has a positive influence on the probability of introducing a product innovation. Furthermore, recruits' characteristics are found to increase product innovations. Ettlie (1985) conducted correlation analyses in order to test several hypotheses concerning net manpower flows and innovation outcomes developed in earlier work (Ettlie, 1980) . Using information about 56 food processing firms, he finds that net gain manpower flows stimulate radical process innovation outcomes but tend to be inversely related to other innovation outcomes, i.e. incremental process innovation and the number of new products. But in order to gain from the "new blood", the integration of newcomers has to be managed effectively. Based on the reasoning of Price (1977) , who emphasizes both a positive effect of "new blood" on innovation and a negative, disruptive force of turnover, Ettlie (1985) stated the hypothesis of a curvilinear relationship between turnover and innovation, but his findings do not give a clear indication of a curvilinear relationship. 3 Whereas Rao and Drazin (2002) and Ettlie (1985) Based on the theoretical arguments mentioned above, we will test the following three hypotheses concerning the flows of R&D workers and innovative outcomes in the empirical analysis: 
Variables and method
This section describes the variables we use in the empirical analysis and the econometric method we apply. A summarizing table of all variables included in the analysis can be found in Table 1 . The respective descriptive statistics are given in Table 2 . Most of the explanatory variables are included using lagged values. a 3-digit level is employed) and region (East and West Germany). A detailed description of the data is given in Peters (2008).
Measuring innovation
For measuring innovation performance, we employ four different binary indicators.
Similar to Ettlie (1985) , we distinguish between product and process innovation in a first step. According to the Oslo Manual, product or process innovators are firms which successfully introduced a new product or process within the previous 3 years, respectively. A product innovation is defined as a new or significantly improved product or service which is brought onto the market by the firm. A process innovation is a new or significantly improved production technology, delivery or distribution method, including methods to provide services, introduced by the firm. Concerning product innovations, we further distinguish between market novelties and product-range novelties in a second step. While market novelties are product innovations that a firm has introduced onto the market prior to any 
Measuring flows of R&D workers
Employment fluctuations within a firm can be measured using various indicators.
Common measures are the number of hirings or the number of separations over total employment (hiring and separation rates). Often the turnover rate (sum of hirings and separations over total employment) is used when analyzing worker flows. More recent studies have introduced a concept called "churning" or "excess worker reallocation", which describes the amount of workers replaced by new ones (e.g. Lane et al., 1996; Burgess et al., 2001; Ilmakunnas et al., 2005) . If 3 employees leave a firm during a specific period and the firm hires 5 new employees during that period, a firm has a churning of 3 workers and a net gain of 2 employees. If another firm records 5 separation during that time and hires 3 new employees, this firm has also a churning of 3 workers, but a net loss of 2 employees. Both firms have the same amount of churning, but they differ with respect to their employment growth. Because of this property, the churning measure is often interpreted as "excess worker reallocation". Churning measures the amount of employment fluctuations which exceeds the amount of hirings or separations necessary for a change in total employment. Therefore, the measure abstracts from changes in total employment. We calculate the amount of churning of R&D workers in firm i as follows:
where H i is the number of newly hired R&D workers between 2003 and 2005 and S i denotes the number of R&D workers who left the firm between 2003 and 2005. Though our hypotheses state that labor mobility affects innovation, we cannot rule out inverse causality, i.e. that innovation is initiated which requires and attracts new personnel (Ettlie, 1985) . Due to data constraints, we cannot test for causality. To alleviate potential endogeneity problems of our main variable, we include a lagged measure of churning. The distribution of churning is highly skewed with an average churning in our estimation sample of 3.1 R&D workers.
Hence, we estimated the model using the churning rate CR i = C i N i , with N i measuring the average number of R&D workers in 2005. On average 2.7 percent of the R&D personnel was successfully replaced.
In order to test hypothesis 2, we include the churning rate as well as a squared term of the churning rate in our regressions since the relationship between churning and innovation might be inverse u-shaped as supposed by Ettlie (1985) .
We further calculated the growth rate of R&D employment to account for (positive or negative) net gains in R&D personnel. On average, R&D employment has increased by 2.4 percent. If hypothesis 1 is true, we should observe a positive relationship between the growth of R&D employment and the probability of introducing an innovation. Hypothesis 3 is tested using information about the importance of different knowledge protection measures. The method most often used to protect knowledge is secrecy. If a firm stated that it uses secrecy as a measure of knowledge protection and classifies the use of secrecy as highly important, we question the duplicative nature of this firm's R&D knowledge. Assuming a duplicative nature of a firm's R&D knowledge implies that a firm can use the knowledge an R&D worker has produced even if the respective worker has left the firm. If a firm assigns secrecy as highly important, a firm fears to loose at least parts of this knowledge. In this case, the R&D knowledge of the firm is non-duplicative.
Overall, 17.7 percent of the firms in our sample can be characterized by a nonduplicative nature of their R&D knowledge. We included the dummy variable non-duplicative knowledge in the regressions and investigate if the supposed positive effects of churning on innovation cancel out by including an interaction effect of that dummy and the churning measure.
Control variables
We control for a set of additional firm characteristics which have been shown to be related to innovation performance of firms in previous studies (Acs and Audretsch, 1988; Bhattacharya and Bloch, 2004) . Specifically, we control for size effects as measured by the total number of non-R&D workers (log(employees)) and innovation input proxied by the level of R&D personnel. We further account for innovative capabilities by including the share of high-skilled employees. The effect of international activities on innovation (Almeida and Fernandes, 2006) is captured by incorporating the export intensity. Finally, differences in overall labor productivity (log(labor productivity)), firm age (Huergo and Jaumandreu, 2004), regional location (Eastern Germany), and the legal form through liability differences (limited liability) may affect innovation (Ayygari et al., 2007) . With respect to industry differences, we distinguish six industries concerning their global technological intensity as proposed by the OECD. The category other manufacturing serves as reference category in the estimations.
Estimation strategy
Since we suppose that the decision to introduce product and process innovations is not independently determined, we apply bivariate probit estimations. In a second step, we identify the effect of churning on different types of product innovations, namely market novelties and product-range novelties. The bivariate probit is a natural extension of the probit model which, similar to seemingly unrelated regression models, allows for two equations with correlated disturbances ε 1 and ε 2 (Greene, 2003) . We estimate two sets of bivariate probit regression models described by
The dependent variables are denoted by y 1 and y 2 with their unobserved latent variables y * 1 and y * 2 , x is the vector of independent variables, and β is the vector of coefficients to be estimated.
Estimation results
Results of the bivariate probit regressions are presented in Table 3 for product and process innovations and in Table 4 for market novelties and product-range novelties. First, the model was estimated without the interaction of the dummy variable non-duplicative knowledge (Models 1) and afterwards firms were distinguished by the nature of their R&D knowledge (Models 2).
In all models we observe a significant positive influence of the growth rate of R&D personnel on the probability to innovate. This confirms hypothesis 1. The results further show that the churning rate (CR) has a significant influence on both product and process innovations. Since the coefficient estimate of the square term is significantly negative, the relationship between churning of R&D personnel and innovation outcomes is to found to be inverse u-shaped.
This finding is in favor of hypothesis 2. The same is true for market novelties and product-range novelties.
For all types of innovations except of process innovations, the effect is robust to introducing the variables which distinguish firms by the nature of their R&D knowledge. Firms which declare the use of secrecy to be highly important for knowledge protection have a higher probability to introduce product innovations and process innovations. This effect is not surprising since by construction the dummy non-duplicative nature may also indicate that the firm has accumulated a large stock of knowledge which has to be protected and which serves as base for further innovation activities in the future.
Distinguished by the nature of their knowledge using the indicator variable non-duplicative knowledge, churning exhibits a different influence on the probability to innovate. The coefficients on the churning rate, the square of the churning rate, the non-duplicative knowledge dummy, and the interaction effect are jointly significant at the 1 percent level in all models.
Interestingly, the effect of churning on the probability to introduce product innovations peaks at a churning rate of 65 percent whereas the peak for process innovations lies at 30 percent (see Figure 1a and Figure 1c ). That is, the optimal amount of churning among R&D workers is larger for product innovations than for process innovations. This result can be explained by the fact that much more firm-specific knowledge is needed for significantly improving production processes within a firm than for developing new products. Hence, the disruptive effect of churning starts earlier for process innovation. For firms with non-duplicative R&D knowledge, the probability to introduce product innovations peaks at a churning rate of 45 percent. If R&D knowledge is duplicative, the effect peaks at a churning rate of 70 percent (see Figure 1b ). Firms with non-duplicative R&D knowledge have a higher probability of introducing product innovations than firms with duplicative R&D knowledge as long as the churning rate is below 50 percent.
This result is in line with hypothesis 3 since it indicates that the positive effect of churning is partly offset for firms where the knowledge is non-duplicative. Since the interaction effect for process innovations is small and far beyond significance, the effect of churning on the probability to introduce process innovations peaks regardless the nature of knowledge at around 25 percent (see Figure   1d ). Thus, hypothesis 3 cannot be confirmed for process innovation.
Concerning market novelties, we estimate a point of inflexion of 65 percent, while the probability to introduce product-range novelties peaks at a churning rate of 85 percent (Figure 2a and Figure 2c ). Compared to findings of Ettlie (1985) this result may be surprising at first glance. It says that the reallocation 20 of R&D workers is more likely to stimulate the introduction of new products which were outside the existing product-range than of market novelties. But note that firms can launch market novelties within their existing product range where they already have shown expertise. Introducing new products for which there are no predecessors in the firm, however, obviously requires more external knowledge which can be gained through labor mobility. percent (95 percent) if R&D knowledge can be assumed to be duplicative. The probability to introduce market novelties (product-range novelties) is higher for firms having accumulated non-duplicative knowledge as long as the churning rate is below 45 percent (65 percent).
The control variables show the expected signs. Size (log(employees)) is found to exert a positive effect on innovation. Also, innovation inputs are found to be positively related to innovation outcomes. But the coefficient for the number of a company's R&D workers is not significantly different from zero for product innovations in general. The share of high-skilled employees positively influences the probability to innovate in all models and all equations. Exporting is only found to be positively correlated to product innovation. Overall labor productivity turns out to be positively related to innovation except for product-range novelties. The industry dummies are jointly significant in all models and all equations.
Conclusions
This paper has investigated the consequences of R&D worker mobility on innovation performance at the firm level. We contribute to the literature of inventor mobility and innovation success by conducting an analysis at the firm level which first adopts a measure of labor mobility developed in labor economics: the churning of R&D personnel.
In developing our hypothesis, we refer to the theories of Jovanovic (1979) and Cooper (2001) . According to these theories, labor mobility increases the employer-employee matching quality within the R&D department (Jovanovic, 1979) . Furthermore, labor mobility results in net inflows of R&D knowledge (Cooper, 2001) . However, if churning of R&D personnel is very high, costs may exceed the benefits and the relationship between churning and innovation is more likely to be inverse u-shaped. In our empirical analysis, we first distinguished between product and process innovation. In a second step, we further distinguished between product-range novelties and market novelties. We employed bivariate probit estimations. Our hypothesis of an inversed u-shaped relationship between churning and innovation can be confirmed for various kinds of innovation output 22 measures. Interestingly, the point beyond which an increase in churning of R&D personnel lowers the propensity to innovate differs between the different types of innovation. However, the point beyond which an increase in churning of R&D personnel lowers the propensity to innovate is very high except for process innovations. We conclude from these findings that process innovations require much more firm-specific knowledge than product innovations. This applies particularly to firms with duplicative R&D knowledge. Mostly, the returns to churning are found to be positive even when more than half of the researchers are replaced.
Especially product-range innovations are found to largely benefit from inflows of external knowledge by means of R&D worker mobility. If a firm's R&D knowledge is non-duplicative, as measured by the importance of secrecy as a knowledge protection mechanism, positive effects of churning on innovation performance are found to be partly offset in case of product innovations. The point when costs of churning exceed the benefits is reached faster if the R&D knowledge is not duplicative than if the R&D knowledge is duplicative.
The results of our study have several implications for innovation management.
First, innovation performance may be impeded by statical personnel structure within R&D departments. More dynamics are required in order to get access to new knowledge and to dissolve poor employee matches. Therefore, a firm should maintain a moderate level of churning among its R&D workers. However, a firm should take care that its churning does not exceed a certain threshold. Accordingly, labor agreements should be sufficient flexible on both sides. The period of notice should be reasonable in order not to hamper R&D workers' mobility and to hinder knowledge flows. Furthermore, the use of non-compete clauses is disadvantageous for both employer and employee if a firm's R&D knowledge is duplicative. Firms might even profit from delegating an R&D worker to a competitor for a specific project or a certain period of time. Moreover, firms might even think about retracting R&D workers who have left the firm a while ago in order to benefit from the knowledge this worker has gained working for the other firm.
One the other hand, policy makers should be aware that an increase in labor market flexibility (e.g. dismissal protection) does not only affect labor market outcomes but may also be an additional route to foster innovation by encourag-23 ing improvements in the job-match qualities and by facilitating the diffusion of knowledge.
